Group B Streptococcus (GBS) causes disease in newborns, pregnant women, and adults with underlying medical conditions, but it is also a commensal organism that commonly colonizes the bowel. In this study, the prevalence of colonization was high among 241 women (34%) and 211 men (20%) living in a college dormitory; sexually experienced subjects had twice the colonization rates of sexually inexperienced participants. Other predictors of colonization varied by colonization site. Only 10 of the 142 roommate pairs had roommates who were both colonized with GBS, and 20% of these pairs shared identical strains, which is the same rate predicted by the population distribution. By contrast, a previous report found that 86% of co-colonized sex partners shared identical strains. GBS is likely transmitted by intimate contact, but transmission modes may vary by colonization site. Large prospective studies are needed to better understand colonization site-specific factors for GBS and to clarify potential transmission modes.
direct person-to-person contact, including sexual contact [4] . Fecal-oral transmission also occurs. A study of 120 heterosexual college couples demonstrated a strong association between oral sex and co-colonization with identical GBS strains [5] , and a small crosssectional study of 150 college students described positive associations between colonization and milk consumption and infrequent hand washing [2] .
We describe associations between GBS colonization and casual or sexual contact as well hygiene practices and dietary habits among men and women residing in a large university dormitory.
METHODS

Study protocol.
Seven hundred thirty-eight students who lived in a first-year dormitory at the University of Michigan (Ann Arbor) in January and February 2001 were invited to participate in the study via an advertisement in their dormitory mailboxes. Sampling was by dormitory floor. Participants provided informed consent, a throat and mouth (cheek) swab sample for culture, and self-collected initial-void urine, anal ori-fice, and vaginal specimens and completed a self-administered questionnaire. The swab did not pass the anal sphincter for collection of anal orifice specimens. Nonresponders were sent up to 3 e-mail reminders and were contacted by telephone. Participants who completed the study protocol received $50. Informed consent was obtained from all the participants in this study, which was conducted in accordance with guidelines for human experimentation by the University of Michigan Human Subjects Review Committee.
GBS isolation. Urine, vaginal, and anal orifice specimens were self-collected, as described elsewhere [2] , using the Culture Swab Plus Collection System (Baltimore Biological Labs) with Amies transport media. This system also was used for obtaining throat and mouth specimens. After collection, each swab and tampon was inoculated in selective broth media containing gentamicin and nalidixic acid, incubated overnight at 37ЊC with CO 2 , subcultured onto trypticase soy agar with 5% sheep blood, and incubated overnight. Urine specimens were subcultured directly onto trypticase soy agar. Suspect isolates were confirmed serologically, as described in previous studies [2, 5] .
PFGE. We used PFGE to determine whether roommates and participants colonized in multiple sites carried identical GBS strains. PFGE methods were described elsewhere [2, 5] . The similarity of GBS strains isolated from roommates was determined first by visually observing band differences between strains on the same gel. Strains were considered identical if they differed by no more than 2 bands, as described by Tenover et al. [6] . Second, GBS strains from roommates and from individuals colonized in multiple sites were compared using BioNumerics (Applied Maths). The Dice coefficient was used to assess strain similarity, and strain A909, a Lancefield protype type Ia/c strain, was used as the control.
To validate the use of BioNumerics to analyze PFGE patterns, we compared the visual inspection results with the BioNumerics results. Isolates with 85% similarity corresponded to a 2-band difference between 2 strains and, therefore, were used to assess strain identity. PFGE data were not available for 6 strains because they were missing, they were nonviable, or the DNA could not be digested.
Data analysis. The proportion of subjects with GBS colonization at each site was calculated, and the frequency of cocolonization among roommate pairs was assessed. Crude ORs and 95% CIs were used to estimate the magnitudes of the associations between potential risk factors and overall and sitespecific GBS colonization; statistical significance was determined using the x 2 test. A thorough stratified analysis was conducted to identify potential confounders and effect modifiers. We fit a logistic regression model to determine the strongest predictors of any GBS colonization relative to the GBSnegative participants. Men and women were first analyzed together to identify common associations with any GBS colonization, and they were then analyzed separately to identify gender-specific predictors.
To investigate predictors of GBS by colonization site, we created mutually exclusive outcomes separately for male and female subjects. Four categories were created for men: no GBS colonization, colonization in anal orifice only, colonization in anal orifice plus any other colonization, and colonization at other sites. For women, 5 categories were created: no GBS colonization, colonization in the anal orifice only, vaginal colonization only, colonization in the anal orifice plus any other colonization, and colonization at other sites. We also explored associations with any throat colonization; however, the small number of positive throat culture results precluded any definitive conclusions.
Using multinomial logit regression, the risk of colonization at each site was modeled relative to the GBS-negative group, and the covariates were evaluated individually to obtain crude ORs and 95% CIs. A stepwise multinomial logit regression model with a significance level set at .10 was used to identify the strongest predictors of GBS site-specific colonization for both men and women. For women, the covariates selected for entry into the model were used as a base model. Subsequent analyses were performed by adding variables that yielded notable crude associations one at a time to this base model. Because only 43 men were colonized with GBS, only the stepwise model results are reported. Sexual behavior characteristics were evaluated only for sexually experienced women, and no more than 4 covariates were included in any 1 model, because the sample size was relatively small for each outcome. SAS software (SAS Institute) was used for all statistical analyses [7] , and the logistic procedure with the Glogit option was used for the multinomial models.
RESULTS
Study participant characteristics.
Overall, 246 women and 216 men enrolled, yielding a response rate of 63% (462 of 738 persons). Five women and 5 men were excluded because they improperly collected anal orifice specimens, leaving 241 women and 211 men for analysis. Most participants were aged 18-19 years and self-identified themselves as Caucasian (table 1). A total of 195 (81%) of 241 women and 148 (70%) of 211 men had ever engaged in sexual activity, defined as vaginal-penile intercourse, anal-penile intercourse, and/or oral-genital contact; 158 women (81%) and 111 men (75%) had engaged in sexual activity before the age of 18 years (table 2) .
Colonization by site. Eighty-two (34%) of 241 women had GBS recovered from у1 site. Thirty-two women (13%) had GBS in their urine sample, 52 (22%) had it in their vagina sample, 57 (24%) had it in their anal orifice sample, and 14 (6%) had it in their throat sample. Forty-three (20%) of 211 men were colonized with GBS at у1 site; GBS was detected in the urine, anal orifice, and throat samples in 8 (4%), 34 (16%), and 13 (6%), respectively. Only 3 (11%) of 27 participants of either sex with throat colonization also were colonized with GBS in their mouths.
Of the participants who were colonized, 49 women (60%) and 10 men (23%) were colonized at 11 site (figure 1). Most subjects were colonized in the anal orifice and another site. Colonization in multiple sites within an individual was mostly with the same strain.
GBS colonization in roommates. Individuals colonized with GBS were not more likely to reside in specific hallways ( ) or wings ( ) of the dormitory or on specific P p .81 P p .42 A total of 76 female roommate pairs and 66 male roommate pairs enrolled in the study, allowing us to determine the frequency of GBS colonization in roommates. Among the 284 roommates (142 pairs), GBS prevalence at any site was 28.9% (82 of 284). Of the 72 roommate pairs in which at least 1 roommate was colonized, the probability that both were colonized was 13.9% (10 of 72). This proportion was not significantly different from that expected by chance ( ) (table P p .70 3). A similar result was found among individuals with 11 roommate (data not shown).
Among the 10 roommate pairs in which both were colonized, only 2 pairs of female roommates carried identical strains, as determined by PFGE (figure 2). Association with any GBS colonization among men and women. We fit a logistic regression model to determine the joint effects of variables identified in the crude (tables 1 and 2) and stratified (data not shown) analyses on GBS colonization at any site. Similar to the crude analysis, colonization occurred more frequently among women than among men (prevalence OR [POR], 1.9; 95% CI, 1.21-2.89) and among participants who had ever engaged in sexual activity than among those who had never engaged in sexual activity (POR, 2.5; 95% CI, 1.39-4.46). Because of the large number of variables and relatively small sample size, we fit a series of logistic regression models including these 2 variables as a base model and adding other variables one at a time. Recent sexual activity, condom use, spermicide use, manual stimulation, time lapsed since most recent sex, frequency of vaginal or oral sex, increasing number of lifetime sex partners, oral contraceptive use, previous history of sexually transmitted diseases, cold or urinary infection symptoms, and, among women, vaginal discharge and odor, tampon use, or genital washing before or after sex were not associated with any GBS colonization. Multinomial logit regression predicting site-specific colonization in women. To determine factors associated with site-specific colonization, we fit a multinomial logit regression model. The outcomes were no GBS colonization, anal orifice colonization only, vaginal colonization only, colonization of the anal orifice plus any other colonization, and colonization at other sites. Site-specific colonization was assessed for all women, all men, and a subset of sexually experienced women.
All variables previously associated with the outcomes were evaluated using stepwise models. No more than 4 variables were included in any 1 model because of the small sample size. History of yeast infection predicted colonization in the anal orifice only, infrequent hand washing predicted exclusive vaginal colonization, and pork consumption predicted colonization in the anal orifice plus other sites. Other variables with interesting crude associations, including receptive and active oral sex, deodorant sanitary napkin use, and beef consumption, were not selected for entry into the stepwise models. Any history of engaging in sexual activity approached statistical significance in all categories except exclusive vaginal colonization. These covariates also were significant among the subset of sexually experienced women (table 4) .
Multinomial logit regression predicting site-specific colonization in men. For the stepwise multinomial logit regression analysis, the outcomes were no GBS colonization, colonization in the anal orifice only, colonization in the anal orifice plus any other colonization, and colonization at other sites. Male-to-female oral sex was associated with decreased colonization at other sites, including the throat and/or urine (POR, Figure 2 . PFGE of group B Streptococcus (GBS) isolated among roommates living in a single college dormitory. Lanes 1 and 9, control strain A909; lanes 2-4, strains from one roommate pair, with lane 2 representing the vaginal strain of one roommate and lanes 3-4 representing the vaginal and anal orifice strains of the other roommate. These 2 roommates, therefore, do not share identical GBS strains. Lanes 5 and 6, urine and throat isolates, respectively, of 2 roommates. These roommates also do not share identical GBS strains. Lanes 7-8 represent the urine and throat isolates, respectively, of 2 other roommates, but in this situation, the shared strains are identical. 0.1; 95% CI, 0.02-0.95), whereas men who engaged in femaleto-male oral sex were 14 times more likely (95% CI, 1.97-101.08) to be colonized in the throat and/or urethra and 5 times more likely (95% CI, 0.45-53.49) to be colonized in the anal orifice plus another site (
). An association between P p .19 cheese consumption within the past 3 weeks and exclusive anal orifice colonization in men also was identified (POR, 1.2; 95% CI, 0.96-1.53) but was not statistically significant ( ). P p .10 Neither beef consumption nor early age at first sex was accepted for entry in the model.
DISCUSSION
GBS was isolated frequently from male (20%) and female (34%) college students living in a first-year dormitory; the anal orifice was the primary isolation site, followed by the vagina, urine and throat. These prevalence estimates are similar to those described in previous studies in similar populations [2, 8] and among pregnant women [9] . We found the factors influencing colonization varied by colonization site in both men and women, suggesting that transmission modes or risk behaviors may vary by site. In addition, an individual sharing a dormitory room with a GBS-positive person was not more likely to be colonized than was an individual with a GBS-negative roommate at a single point in time.
The observed co-colonization frequencies among roommates were similar to what we would expect by chance alone. In general, few roommate pairs were co-colonized with GBS at enrollment, and among those pairs that were both colonized, only 2 shared the identical GBS strain. By contrast, in a study of 120 heterosexual college couples in which 1 sex partner was colonized with GBS, almost one-half (47.5%) of their partners were also colonized, and 86% shared the identical GBS strain, as determined by PFGE [5] . Thus, it seems likely that casual contact that occurs during cohabitation is not a common mode of GBS transmission in young adults. It is possible that the inoculum density may be lower and the duration of colonization shorter for casual contact, decreasing our ability to detect transient colonization at a single time point.
Similar to previous reports [2, 8, 10] , sexual contact appears important for GBS transmission. Any history of engaging in sexual activity was the strongest predictor of any GBS colonization for both men and women, but this was not associated with site-specific colonization. Sexual activity may be more important for GBS acquisition in young adults, whereas other characteristics may influence colonization in or movement to specific sites. In 2 recent studies, vaginal colonization with Escherichia coli [11] and vaginal acquisition of GBS [8] were associated with time since most recent sexual intercourse. We did not detect an association with vaginal sex in particular or with recent sexual activity and GBS colonization. Because we assessed prevalent cases, however, we cannot exclude the possibility that vaginal sex is associated with acquisition and not persistent colonization. In addition, the sample size was relatively small and may have limited our ability to detect these associations.
Women were twice as likely as men to be colonized with GBS at any site ( ) and in the anal orifice ( ). P p .005 P p .05 Duration of GBS colonization may be longer in women because women have an additional colonization site and because GBS generally targets mucosal tissues [12] , such as those found in the vagina. Increased colonization duration would result in higher prevalence among women, even if transmission probabilities were the same by gender; transmission probabilities are unknown. Most women were colonized in multiple sites, but the majority (70%) carried identical strains in all sites, suggesting that GBS can readily move between sites. Prospective studies, which are currently ongoing, will help identify the site with the highest risk of colonization, as well as risk factors associated with site-specific GBS acquisition and loss. These data are essential for accurately describing the GBS transmission system.
Our previous studies have identified male-to-female oral sex, NOTE. All models used GBS-negative individuals as the reference group and are adjusted for previous history of a yeast infection, pork consumption, and daily hand-washing frequency.
a Represent behaviors performed within the past 3 weeks.
milk consumption, and infrequent handwashing as predictors of GBS colonization, suggesting that colonization of the throat may be important for transmission [2, 5] . GBS throat colonization was reported among 4% of 1110 patients presenting with pharyngitis [13] and in 15% and 5% of healthy girls aged !11 and 111 years, respectively [14] . We found that women (12 [5%] ) and men (13 [6%] ) were equally likely to have throat colonization; 5 women and 7 men were colonized only in the throat. By contrast, mouth colonization occurred infrequently and thus is not a useful way to assess GBS colonization status. Several food items, daily hand washing frequency, hay fever, and certain sex-associated behaviors were associated with colonization at specific sites. These associations should be interpreted with caution, because we cannot determine whether the factors are associated with acquisition or duration of colonization. The food consumption questions were included in the questionnaire to assess whether certain foods are associated with fecal-oral transmission of GBS. Some foods, such as pork, as well as other host characteristics (e.g., hay fever) may represent markers for other behaviors associated with GBS colonization. Although pork consumption was linked to infections caused by other microorganisms (e.g., Streptococcus suis [15] and E. coli O157:H7 [16] ), no association has been identified with GBS. Prospective studies are needed to adequately assess these relationships.
Because yeast and GBS both colonize the gastrointestinal tract [17, 18] , they occupy a similar niche within the host. Perhaps use of antifungals for yeast eradication makes women more susceptible to GBS colonization, enabling it to grow more readily in the absence of another competing organism. One study found that women taking medications for yeast infection in the past 4 months were more likely to have vaginal and/or rectal GBS colonization [8] .
On the basis of these and previous results, it is probable that 11 GBS transmission mode exists. For instance, some individuals may acquire GBS via the fecal-oral route from oral sex, infrequent hand washing, or perhaps certain foods, as well as via intimate contact. Once an individual is colonized, GBS may also move to different sites within the genitourinary tract, particularly among women, because of the close proximity of anatomical sites. In men, movement between the rectum and urethra may be facilitated by sexual activity or poor hygiene practices. Even though our sample size was relatively large and consisted of individuals from a fairly homogeneous population, the response rate was lower than expected. This is typical for clinical studies [19] , but we cannot rule out the possibility of bias attributable to responder and nonresponder differences. Because GBS rarely causes disease in young adults, it is unlikely that individuals chose to participate on the basis of knowledge of their GBS colonization status. Sexually inexperienced participants, however, may have been less likely to enroll, which might potentially increase the estimated prevalence. It would not, however, bias the association between specific sexual behaviors and GBS colonization.
Each association detected was for individuals colonized with GBS in different sites at one point in time. We did not have sufficient power to describe associations with colonization at multiple versus single sites. Nonetheless, these insights are important to fully describe the transmission system and plan appropriate intervention strategies. Because multiple GBS transmission modes may exist, prospective studies are essential to understand the factors associated with GBS colonization at each site.
